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Introduction
It is generally accepted that there are close relationships between masticatory ability responsible for biting force and mandibular morphology or facial types (1-10). This is because biting force is transmitted to the tooth via the food bolus, then to the periodontal tissue and cancellous bone, and is finally absorbed by cortical bone, and stress of the biting force transmitted to the cortical bone influences remodeling of the bone.
Bone remodeling is accelerated in the area to which compressive stress is applied (11, 12) . However, it is also reported that mechanical distortion by compressive or tensile stresses applied to the body influences bone induction and resorption (13); therefore, more complicated processes are thought to be involved.
In considering mandibular morphology, it is important to biomechanically investigate how biting force is transmitted to the mandibular bone. In this study, a threedimensional (3D) finite element model (FEM) was constructed consisting of the tooth, periodontal ligament (PDL), alveolar bone, and cortical bone corresponding to those in the lower first molar area based on computed tomogram (CT) images of a dry cranial bone. Stresses occurring in the jawbone were observed by applying biting force during mastication to the model (14).
Materials
and Methods Generation of the FEM Figure 1 shows the FEM produced. The study material consisted of the cranial bone of a modern Japanese male with a few missing teeth and no marked crowding or maxillofacial disharmony, which was obtained from the National Science Museum. To construct the model, CT images of the mandible were recorded at intervals of 2 mm from the occlusal plane to the mandibular inferior margin, setting the mandibular occlusal plane as the reference plane for tomography. The lower first molar, the surrounding cancellous bone, and the area including the cortical bone was traced and a FEM was constructed of analysis, and ANSYS rev. 5.6 (Cybernet System Co., Tokyo, Japan) was used as the software. Regarding stress analysis, the compressive stress was evaluated.
Results As a result of the analysis by the finite element method, the biting force applied to the occlusal surface of the lower first molar was transmitted to the cortical bone through the PDL and cancellous bone. Figure 5 shows the lower first molar and the distribution of the compressive stress in the tooth. The action of the compressive stress was observed on the lingual side, showing a strong compressive stress in the lingual cusp and linguo-cervical area. In Fig. 5 , the PDL shows the distribution of the compressive stress in the PDL. A strong compressive stress was observed in the linguo-cervical area. A compressive stress was also observed in the buccal root apex area contralateral to the linguo-cervical area. The cancellous bone shows the distribution of the compressive stress in the cancellous bone (Fig. 5) . Strong compressive stress was observed in the linguo-cervical area, and the compressive stress varied up to the bucco-medial area of the alveolar bone, showing a wide distribution along the whole cancellous bone.
The cortical bone shows the distribution of the Table  1 The material properties of PDL Table 2 Material properties Table 3 Organs reproduced in the finite element model and the component compressive stress in the cortical bone (Fig. 5) . The compressive stress was distributed from the linguo-superior margin to the basal area, and was also observed in the buccomedial area. Discussion Kanazawa and Kasai (8) compared the thickness of the mandibular cortical bone between Neolithic Jomon people and modern people, and found that the cortical bone of the Neolithic Jomon people was significantly thicker due to the application of stronger biting forces.
Tsunori et al. (9) measured the thickness of the cortical bone of different facial types (Short-, Average-, Long-face), and reported that the cortical bone of the Short-face with stronger biting force tended to be significantly thicker than that of the Long-face.
Actually, many studies of the stress distribution in the mandibular bone by the biting force have been performed (21,23-28). However, previous studies investigated the distortion or stress on the bone surface caused by the biting force applied to the jawbone, and there have been few reports in which detailed aspects of the transmission of the biting force in the jawbone was investigated.
In this study, a 3D FEM of the lower first molar area was constructed, and we investigated the distribution of compressive stress by applying biting force during mastication to the occlusal surface based on previous research (14).
However the limitation of the FEM must be considered in an interpretation of the results derived from this study . The limitations of the FEM in this study involve approximations in the material behaviors and geometries of the tissues. Complicated modeling of the internal tooth structure was considered unnecessary because the force transmission to the PDL is not significantly changed by the internal design of the tooth due to its great stiffness relative to the PDL. Therefore, the tooth was simplified as homogeneous. The PDL is non-linear. The PDL was defined as non-linear similar to the living body condition. The orientation of the fibers varies in the PDL and it causes the anisotrophy. In this model, this was not considered. In modeling of cancellous bone, the variation of density and trabeculation were also not considered. Furthermore, limitations existed related to variations of the tooth root, cancellous bone, cortical bone morphology and the PDL thickness. These factors may affect stress value and distribution.
In the finite element method, tensile, compressive and shear stress can be calculated. It has been conventionally considered that bone remodeling is accelerated in the area to which compressive stress is applied (11, 12 
